Editorial
Positron emission tomography (PET) is now an established tool for the investigation of human ce rebral function in a variety of diseases and para digms designed to activate specific brain regions or neural systems in normal individuals, The devel opers of PET stressed the fact that the measure ments of regional cerebral radiopharmaceutical content were completely noninvasive, however, most current strategies require the knowledge of the input function to the brain, in terms of the specific activity of the tracer arriving in the brain as a func tion of time, in order to solve a mathematical model of the process under investigation, These data are acquired by sampling blood, either venous or arte rial depending on the study needs, or, in some cases, end-tidal alveolar air. The goal of several re cent communications has been to develop strategies that circumvent the need to make direct measure ments of blood activity, yet still permit the inves tigator to compute the physiological variable of in terest, usually by an indirect determination of the input function. These methods reduce the invasive ness of the PET study by eliminating the need for blood samples. The great safety and simplicity of brief radial artery cannulation suggests that it is un necessary to avoid arterial catheterization as a pri mary research goal.
The need to monitor cardiac function in critically ill patients has made arterial cannulation a very common practice in intensive care settings and during operative procedures. All of the reports of this experience have several common features. The cannula is inserted because of an associated serious medical or surgical need, and the cannula is left in place for extended periods of time. In clinical in vestigations, cannulations are brief, and subjects can be selected for the absence of factors reported to be associated with the development of compli cations. Literature reports indicate that radial ar tery catheterization is a much safer procedure than believed by most clinicians and Institutional Re view Boards that evaluate research protocols. Dalton and Laver (1971) reported two severe 487 complications in 3,000 retrospectively reviewed ex amples of radial cannulation. One patient developed gangrene of all extremities, including the cannu lated hand, after prolonged hypotension following triple heart valve replacement; the other patient, with Raynaud's disease, developed gangrene of the terminal phalynx of the index finger in the cannu lated hand. The sizes and types of the cannulae were not specified and continuous catheter irriga tion was not employed. Gardner et al. (1974) used a I.O-mm catheter 100 cm in length that was in serted percutaneously into the radial artery and ad vanced to the subclavian artery. Blood flow at the radial artery was absent in only 1.8% of 566 pa tients, as shown by Doppler ultrasonography, and 0.56% of their patients required thrombectomy of the radial, brachial, and/or ulnar artery. All patients requiring thrombectomy had the following coex isting factors: cannula in place for 6 or more days, administration of vasoconstricting drugs, and pe riods of hypotension that were severe enough to require drug therapy. After this triad was noted, these patients were observed more closely and no thrombectomies were required in the next 615 con secutive cannulations. In their experience of more than 4,000 cases, amputation was never required.
As they used a cannula that extended retrogradely to the subclavian artery, one might presume that the risk of serious thrombus formation would be far greater in their patients, compared to patients with a short cannula in the radial artery only. Samaan (1971) reports an experience of 800 cases, de scribing 3 serious complications using a percuta neous cutdown technique and ligation of the distal portion of the radial artery. In two of these cases, the preexisting medical or surgical conditions that mandated cannulation, rather than the presence of the cannula itself, caused the complication. In the third case, thrombectomy successfully treated hand ischemia.
Catheter construction and duration of catheter ization have been evaluated as factors affecting the probability of developing a complication. Bedford and Wollman (1973) reported 105 consecutive cath eterizations in 100 patients and found an increase in the frequency of radial artery occlusion as the du ration of the cannulation increased. They found no occlusions before 2 h. Recannulization was ob served in all thrombosed vessels and no ischemia was observed. Davis and Stewart (1980) used Dopp ler methodology to detect arterial occlusion and found that 18-gauge polypropylene catheters were associated with a 38% occlusion rate, whereas 20gauge nontapered Te flon catheters produced a 3% occlusion rate. Two patients with low cardiac out puts developed ischemic symptoms in the hand that were completely reversed after catheter removal, leaving no sequellae. Gardner et al. (1974) cite the use of an Intraflow device (Sorenson Research Co., Salt Lake City, UT, U.S.A.) as a factor in preventing arterial oc clusion. This device maintains a constant 3 mllhr irrigation of the catheter with a heparinized solution and permits periodic flushing of the catheter at a flow rate that is sufficiently low to prevent retro grade embolization via the carotid artery. Slogoff et al. (1983) recently summarized 2 de cades of experience in radial artery cannulation at the Te xas Heart Institute. In that period, the only patients with ischemic complications had cardio genic emboli or prolonged periods of low cardiac output requiring high doses of vasopressors. In a 4month period, they prospectively evaluated all adult patients undergoing radial artery cannulation, collecting data from 1,699 patients. Four types of cannulae were used (18-and 20-gauge tapered poly propylene, or 18-or 20-gauge nontapered Te flon), and 22% of the procedures were done by staff anes thesiologists, with the remaining 78% by less ex perienced anesthesia trainees. Blood flow was es timated with a Doppler device. Abnormal blood flow was not related to cannula type or duration of cannulation. Te n patients had pallor of the skin over the thenar eminence that always returned to normal within 12 days of the operation. Infection did not occur. Allen's test (as described by Bedford and Wollman, 1973) was performed in 411 patients and was abnormal in 16, yet none of these patients had signs of ischemia after cannulation, and blood flow was normal after decannulation, suggesting that this bedside test is an unnecessary screening procedure prior to catheterization.
These extensive data show that transient radial artery cannulation is an extraordinarily safe proce dure, even, apparently, when Allen's test is ab normal. Indeed, in an editorial (Downs, 1975) re ferring to Gardner et al. (1974) , the author wrote "The authors provide convincing evidence that per-J Cereb Blood Flow Metabol, Vol. 5, No.4, 1985 cutaneous arterial catheterization is an easily per formed procedure with risk factors lower than gen erally associated even with venous cannulation, when catheters of low reactivity [Teflon] are con tinuously irrigated with heparinized solutions." In spite of this strong statement, it would be prudent to avoid radial artery cannulations in patients with Raynaud's disease, thromboangeitis obliterans, and hypotension requiring pressors, conditions that are unlikely to limit most experimental protocols. My own experience with radial artery cannulation in three different institutions is in accord with the pub lished statements that this is a very safe procedure. Complications, other than small hematoma forma tion, have not been observed.
The recent report of Koeppe et al. (1985) exem plified attempts to develop a PET -based CBF method with a primary goal of avoiding arterial sampling, implying that arterial sampling is unde sirable. They estimate the arterial tracer content from an analysis of expired air and the computation of a blood-air proportionality constant. This pro cess requires venous blood sampling, parameter es timation in a multicompartmental system, and 25 min of measurement time. Each of these steps per mits the introduction of error, especially in the choice of the number of compartments. Although in a small group of selected patients, the computed CBF results did not differ substantially from those made using arterial samples, the potential limiting effects of periodic respirations in the subject (Cheyne Stokes, etc.) and pulmonary disease, and the desirability of measuring Paco2 as a routine as pect of making CBF measurements received no comment and would appear to limit the applicability of the method. Similar types of limitations are likely to occur with other indirect strategies that might be developed by others. These limitations can be avoided by direct sampling of arterial blood, which although potentially associated with timing errors (Lockwood et aI., 1983) is less limiting for general applications.
Eliminating arterial cannulation, by an investi gator or an Institutional Review Board, because of risk cannot be justified on the basis of a review of the literature. Although it is true that cannulation and handling blood samples are additional steps in the already complex process of doing a PET study, arterial cannulation is demonstrably safe, and the samples are easily collected and measured (and re measured if necessary) by technologists. The im portance and quality of the data during all possible applications of the method should be the consider ations that determine whether arterial blood should be sampled, or whether alternate approaches should be made. There is no rational basis for avoiding arterial cannulation as an experimental goal.
